We examine the differential response of establishments to the recent global financial crisis with particular emphasis on the role of foreign ownership. Using a worldwide establishment panel dataset, we investigate how multinational subsidiaries around the world responded to the crisis relative to local establishments. We find that, first, multinational subsidiaries fared on average better than local counterfactuals with similar economic characteristics. Second, among multinational subsidiaries, establishments sharing stronger vertical production and financial linkages with parents exhibited greater resilience. Finally, in contrast to the crisis period, the effect of foreign ownership and linkages on establishment performance was insignificant in non-crisis years.
Introduction
In 2007-2008, the world economy entered the deepest financial crisis since World War II.
Countries around the globe witnessed major declines in output, employment, and trade. GDP examine the potential causes of the great trade collapse, a phenomenon that received particular attention, and find, respectively, manufacturing demand, vertical specialization, and credit conditions to play important roles. 1 Less explored in this debate is the pattern of micro economic responses to the crisis. 2 In this paper, we examine the differential performance of establishments during the global crisis with particular emphasis on the role of foreign ownership. We investigate how foreign ownership affected establishments' resilience to the negative economic shocks using a worldwide establishment panel dataset that reports detailed operation, location, and industry information of over 12 million establishments in [2005] [2006] [2007] [2008] . We exploit how multinational corporation (MNC) subsidiaries around the world responded to the crisis relative to local establishments and the underlying mechanisms that led to the differential impact. This question is central to ongoing policy debates over the role of foreign direct investment (FDI) in economic growth and volatility. For many countries, such as Ireland, Slovakia, Singapore, and Malaysia, which have heavily relied on FDI as an engine of economic growth, there are increasing concerns that FDI is more volatile than domestic investments and renders countries greater economic vulnerabilities especially during economic crises.
Evaluating the role of foreign ownership during economic crises poses several challenges.
First, it is difficult to disentangle the effect of foreign ownership from other establishmentlevel characteristics such as size and productivity and macroeconomic factors such as market 1 Baldwin and Evenett (2009) compile some of the leading explanations. 2 One exception is Tong and Wei (2009) who examine whether the volume and composition of capital flows affected the degree of credit crunches faced by a sample of emerging-economy manufacturing firms in the recent crisis. See Section 2 for an overview of this study and other papers, such as Alvarez and Görg (2007) , Desai, Foley and Forbes (2008) , and Kalemli-Ozcan et al. (2011) , that explore the role of foreign ownership in establishment responses to past regional economic downturns and currency depreciations.
demand and credit conditions. Second, why foreign ownership could lead to differential establishment performance often remains unclear. Different aspects of foreign ownership can exert sharply different, and even opposing, impact on establishment performance. For example, the ability of multinationals to shift production across countries can lead to more volatile performance while market diversification can lend stronger stability. Assessing only the average effect of foreign ownership can fail to capture these different mechanisms. Third, foreign ownership can affect establishment performance in both crisis and non-crisis periods. It is important to separate the general effect of foreign ownership from its impact on establishments' responses to negative economic shocks.
To disentangle the effect of foreign ownership from the effects of other establishment and macroeconomic factors, we adopt in our analysis a matching technique that creates a missing counterfactual for each MNC subsidiary. The matching pairs each MNC subsidiary with a local establishment that shares similar attributes and operates in the same country and industry. Similarity is determined based on establishment-level economic characteristics that have explanatory power in explaining establishments' foreign ownership status. Matching on the basis of characteristic similarity helps control for observable and unobservable differences between MNC subsidiaries and local establishments. Drawing the match from the same country and industry helps control for macroeconomic factors. The effect of foreign ownership is hence inferred from the divergence in the performance paths between MNC subsidiaries and their local matches.
To shed light on why foreign ownership could lead to divergent performance between MNC subsidiaries and local competitors during the Global Financial Crisis, we explore two distinct aspects of foreign ownership that have been highlighted in the theoretical literature of multinational firms.
The first aspect concerns the production linkages between MNC subsidiaries and parent firms. The existing theoretical literature on the determinants of MNC activities led by Markusen (1984) and Helpman (1984) stresses two main types of MNC subsidiaries: horizontal, which duplicate the production activities of parent firms, and vertical, which share an input-output linkage with parent firms. While horizontal subsidiaries share a substituting relationship with parent firms, the production of vertical subsidiaries complements that of parent firms. In a time of crisis, when a host country experiences a decline in demand, the two types of linkages can lead to sharply different impact. For horizontal MNC subsidiaries, the ability of MNCs to shift production back home will likely result in more volatile performance. For vertical subsidiaries, the intra-firm demand from parent firms will help absorb the negative demand shock in the host country, leading to more resilient responses to the crisis. 3 This stabilizing role of vertical production linkages should be particularly pronounced in host countries with large negative demand shocks. We construct a direct measure of production linkages by examining the input-output relationship between the primary products of the subsidiaries and parent firms, i.e., the input-cost share of the subsidiary's primary product category in the parent firm's final-good production. Subsidiaries sharing stronger vertical production linkages with the parents are expected to exhibit more resilience during the crisis. 4 The second aspect of foreign ownership concerns the financial linkages between MNC subsidiaries and parent firms. An emerging strand of theoretical studies such as Antras, Desai and Foley (2009) highlights MNCs' internal capital markets and investment flows from parents to subsidiaries. In this analysis, we consider how MNCs' internal capital markets lower subsidiaries' dependence on host-country credit conditions, an advantage particularly important when host countries experience credit crunches. To examine this hypothesis, we construct a measure of financial linkages between parents and subsidiaries in each industry using the ratio of investments in subsidiaries relative to total assets. We also consider an alternative approach by constructing a measure of sectoral financial dependence and investigating how the effect of foreign ownership varies with the reliance on financial capital. According to our hypothesis, the effect of foreign ownership on establishment responses to credit crunches should be more pronounced in industries with stronger intra-firm financial linkages and greater financial dependence.
To establish the impact of foreign ownership and linkages on establishment responses to negative economic shocks, we explore the time variation of the data and separately consider Our paper offers new findings on the role of foreign ownership in establishments' resilience to economic crises. We find that MNC subsidiaries responded on average better to the Global Financial Crisis than local controls with similar economic characteristics. Moreover, the advantage of foreign ownership was clearly pronounced during the crisis, but relatively muted during non-crisis years. Compared to local controls, MNC subsidiaries exhibited greater resilience to the crisis but not significantly better performance during normal economic periods.
By investigating why foreign ownership led to divergent performance during the crisis, our analysis also provides one of the first micro evidence on the role of production and financial investigating the role of global supply chains, argue that increasing vertical specialization contributes to the greater contraction of world trade relative to total output. Bricongne, Fontagnè, et al. (2009) present an alternative argument and show that the extensive presence of supply chains does not automatically explain why world trade overshot the drop in world GDP. 4 Albeit previously unidentified, this hypothesis is not entirely unexpected. Bernard et al. (2009) have shown that intra-firm trade fell less than unrelated-party trade during the Asian financial crisis.
linkages in establishment responses to economic crises. We show that establishments sharing stronger vertical production linkages with foreign parent firms exhibited more resilient performance during the crisis, especially in host countries with greater negative demand shocks.
Horizontally linked establishments, in contrast, performed no better than the control establishments. Further, the role of vertical production linkages is found significant only during the crisis period. In the non-crisis period, vertical MNC subsidiaries did not perform differently than local matches while horizontal subsidiaries fared slightly better.
In examining the financial linkage hypothesis, we find MNC subsidiaries to exhibit a greater advantage over local counterfactuals in industries with stronger financial linkages between parents and subsidiaries. The effect of financial linkages is especially strong when host-country credit conditions worsened significantly and weak when home-country credit conditions declined. Similar to production linkages, financial linkages are not found to exert a significant effect on establishment performance in the non-crisis period. These results suggest that the linkages between foreign subsidiaries and parent firms play an important role in establishments' resilience to economic crises, but not necessarily in their growth in normal economic time.
Finally, we show that the estimated effect of foreign ownership and linkages is robust to alternative empirical specifications that address issues such as the effect of domestic linkages and unobserved firm heterogeneity. When examining whether the production and financial linkages of domestically owned subsidiaries exerted a similar effect during the crisis, we find that compared to domestically owned subsidiaries, foreign owned subsidiaries exhibited a greater advantage over local counterfactuals in the crisis. Moreover, while financial linkages with domestic parents also played a stabilizing role, the effect of foreign financial linkages was significantly greater and only foreign production linkages had a significant and positive effect on establishments' resilience to the crisis. The results are also robust when we control for unobserved MNC heterogeneity and limit the comparison to subsidiaries owned by the same parent firm. We find subsidiaries with stronger vertical production linkages to the parents to significantly outperform their peers in the same MNC.
Our findings offer important policy implications on the role of FDI during economic crises.
Our analysis suggests that FDI exerts an important and positive effect on economic responses to the crises. This effect results from the linkages created between MNC subsidiaries and parent firms. Vertical production and financial linkages could significantly lessen the impact of the crisis in host countries.
We organize the rest of the paper as follows. We review the existing literature in Section 2. In Section 3, we describe the dataset and the primary variables used in the analysis. The econometric methodology and main empirical evidence are presented in Sections 4 and 5, respectively, and the additional empirical analysis in Section 6. Section 7 concludes. focus on domestic multinationals in the United State and find them to be more likely than non-multinational firms to shut down home-country plants. 5 Relatively few analyses have examined the role of foreign ownership in establishment responses to economic crises. Alvarez and Görg (2007) , investigating the response of multinational and domestic firms to an economic downturn in Chile, do not find multinationals to react to the economic crisis differently than domestic firms. Desai exporters to that of foreign-owned exporters in the aftermath of currency crises. They find that, conditional on firm exposure to short term foreign currency debt, foreign-owned exporters increase investment significantly more than domestic exporters. Different from the above studies' focus on regional economic slowdowns and currency depreciations, our analysis draws from the recent Global Financial Crisis. We look to the global coverage and the considerable heterogeneity of the recent crisis to examine the different roles of foreign ownership in establishments' reactions to economic shocks. Furthermore, in contrast to previous studies' focus on evaluating the average effect of foreign ownership, we seek to explore the channels through which foreign ownership can affect establishment performance during economic crises. In doing so, our analysis helps to disentangle some of the ambiguities in previous findings.
Also exploring the recent crisis, Tong and Wei (2009) examine whether the volume and composition of capital flows affected the degree of credit crunch faced by manufacturing firms.
Using data on 3,823 firms in 24 emerging countries, the authors find declines in stock prices to be, on average, more severe for firms intrinsically more dependent on external finance.
The volume of capital flows had no significant effect on the severity of the credit crunch, but the composition of capital flows mattered: pre-crisis exposure to non-FDI capital inflows worsened the credit crunch whereas exposure to FDI alleviated liquidity constraints.
In this paper, we investigate both whether and why FDI could lead to better establishment performance during the crisis. We explore the role of production, as well as financial, linkages between MNC subsidiaries and parent firms, and evaluate how the relationships led to differential establishment responses to the negative demand and financial shocks. We also compare the results during the crisis with non-crisis years to examine whether foreign ownership exerts a different effect during economic crises.
Data Description

The Global Financial Crisis and Establishment Performance
The recent Global Financial Crisis, regarded as the worst financial crisis since the Great Depression of the 1930s, is notable for its speed, severity, and international span. Third, central to our analysis, the unit of observation in WorldBase is establishment (a single physical location at which production operations or services are performed) instead of firm. Establishments have their own addresses, business names, and managers, but might be partly or wholly owned by other firms. The database supports the linking of establishments to firms using information on domestic and global parents and the DUNS identification. 8 Fourth, the dataset covers a larger number of countries than alternative data sources, enabling a comprehensive analysis of the crisis for both developed and developing nations and for countries at the epicenter as well as on the periphery of the crisis. It also allows us to investigate how the role of foreign ownership varies across countries depending on the incidences of the crisis.
WorldBase is compiled by Dun & Bradstreet (D&B) and covers public and private enterprises in over 100 countries and territories. Dun & Bradstreet has been the leading source of commercial credit and marketing information since 1845, and presently operates in more than a dozen countries and territories either directly or through affiliates, agents, and associated business partners. D&B compiles data from a wide range of sources including public registries, partner firms, telephone directory records, and websites, and verifies all information centrally via a variety of manual and automated checks. Early uses of the D&B data include Caves' (1975) size and diversification pattern comparisons between Canadian and U.S. domestic plants and subsidiaries of U.S. multinationals in Canada, and Lipsey's (1978) comparisons of the D&B data with existing sources with regard to the reliability of U.S. data. We impose a number of requirements in cleaning the data. First, we drop records that lack primary industry classification and starting year information. Second, we restrict the data to establishments that report sales information for all years. Moreover, we include only estab- 
Production Linkages
To measure the production linkages between subsidiaries and foreign parent firms, we examine the input-output relationship between each subsidiary's primary product category and the parent firm's final goods. subsidiaries that duplicate parent firms' final-good production. We identify these subsidiaries by comparing their primary product category with the final product categories of their parent firms, all reported at SIC 4-digit level. If the subsidiary's primary product category is listed as one of the parent firm's final products, the subsidiary is considered as horizontal. 9 The 9 We also separately considered subsidiaries that produce parent firms' core final product and those that produce secondary final products and did not find the two types of horizontal subsidiaries to have different performance.
manufacturing industries in which we observe the largest number of horizontal subsidiaries include, for example, motor vehicle parts and accessories, plastics products n.e.c., electronic components n.e.c., pharmaceutical preparations, and chemicals and chemical preparations.
Vertical subsidiaries refer to subsidiaries that share a vertical production linkage with parent firms. Specifically, a subsidiary is considered vertical if the direct requirement of the subsidiary's primary product category in the parent firm's final-good production, measured by the input cost share, exceeds a threshold value 0. 1. 10 Note that there are also subsidiaries that are neither horizontal nor vertically linked to their parent firms. 11 The production activities of these subsidiaries can be viewed as independent of the production activities of their parents, and are as a result not expected to benefit from vertical production linkages like vertical subsidiaries during economic crises.
Alternative to dividing subsidiaries to different groups, we also directly take into account the strength of the production linkages, i.e., the input-cost share of the subsidiary's primary product category in the parent firm's final-good production. Subsidiaries whose primary products account for a greater share of the parent firms' total input costs are considered to exhibit a stronger vertical production linkage with the parent firms. Accounts published by the Bureau of Economic Analysis. Constructing the production linkage measure using the U.S. input-output accounts data is motivated by three considerations. First, compared to firm-level input-output information which is typically unavailable, industry-level input-output relationships reflect standardized production technologies and are relatively stable over time, limiting the potential for the production linkage measure to endogenously respond to idiosyncratic shocks. Second, using the U.S. as the reference country further mitigates the possibility of endogenous production linkage measures. Third, the U.S. inputoutput accounts are more disaggregated than most other countries, enabling us to dissect vertical production linkages between detailed product categories.
The manufacturing industry pairs with the strongest vertical production linkages include, for example, (i) motor vehicles and passenger car bodies, and motor vehicle parts and accessories, (ii) plastics materials, synthetic resins, and nonvulcanizable elastomers, and plastics products, (iii) air-conditioning and warm air heating equipment and commercial and industrial refrigeration equipment, and motor vehicles and passenger car bodies.
Financial Linkages
The financial linkages between parent firms and subsidiaries are also typically not observed for most firms. We thus construct a variable to represent the degree of intra-firm financial linkages 10 We also considered different threshold values and found the results relatively similar. 11 This type of subsidiaries accounts for 6 percent of foreign owned subsidiaries.
in each industry. We assume that because of heterogeneity in intrinsic industry characteristics such as headquarter intensity and capital intensity, industries incur different benefits and costs from financial integration and thus have different incentives to invest in subsidiaries. This assumption is consistent with the findings of a growing literature led by Antras (2003) and Antras and Helpman (2004) , who show that industries with higher headquarter intensity and capital intensity tend to have greater incentives to engage in integration and subsidiary investment.
To measure the degree of intra-firm financial linkages in each industry, we use the ratio of investments in subsidiaries relative to total assets for the median firm of each industry.
This ratio captures the extent of financial integration by the industry of parent firms. Given that the information required to compute the variable is not systematically available for private firms around the world, the variable is computed based on a dataset of publicly listed companies obtained from the Global COMPUSTAT. The measure is averaged for [2000] [2001] [2002] [2003] [2004] to smooth out temporary fluctuations.
While identification of our analysis does not require industries to have exactly the same financial linkage levels over time and across countries, it does rely on the ranking of industries to be relatively stable. Otherwise, the proxy could potentially bias us against finding any relationship between financial linkages and establishment responses to economic crises. For this reason, we perform two checks on the variable. First, we construct the measure using data from different time periods (1995-1999 and 2000-2004) and find the ranking of industries to be relatively similar (with a Spearman rank correlation around 0.75). This observation suggests that industries' ranking in the degree of intra-firm financial linkages is mainly dependent on characteristics innate to each industry and thus unlikely to change structurally in response to short-term idiosyncratic shocks. Second, we compute the variable for major MNC parent countries (such as the U.S., the U.K, Germany, France, and Japan) and find the ranking of industries to be highly correlated across countries (e.g., 0.63 between the U.S. and the U.K., 0.61 between the U.K. and France). For our empirical analysis, we do not use country-specific measures to mitigate potential endogeneity.
According to our measure, industries that exhibit the strongest financial linkages between parents and subsidiaries include cut stone and stone products, newspapers: publishing or publishing and printing, fats and oils, ordance and accessories except vehicles and guided missiles, grain mill products, broadwoven fabric mills, manmade fiber and silk, paperboard mills, and petroleum refining. 12 12 As a robustness check, we also computed the financial linkage variable using the average share of affiliate assets financed by parent firms in each industry based on the U.S. BEA Direct Investment Abroad Benchmark Data. The results were largely similar. This measure has been considered in Antras, Foley and Desai (2009). Their analysis shows that host-country characteristics can exert a significant effect on the level of financial linkages within MNCs. But to the extent that the effect of country characteristics applies symmetrically across industries as shown in their paper, the ranking of industries is likely to be relatively similar across countries.
We also consider an alternative approach to examine the financial linkage hypothesis. We follow Rajan and Zingales (1998) and Braun and Larrain (2005) 
Other Economic Characteristics
A variety of other establishment-level economic characteristics including sales, labor productivity, age, multi-product status, and exporter status, all lagged by two years, are also taken into account. We use lagged sales to control for establishment size, and labor productivity to proxy for efficiency. We also considered alternative measures such as employment size and market share and found similar results. In addition, we take into account each establishment's age and multi-product status. The latter variable is an indicator variable that identifies establishments producing more than one product, and helps control for the effect of product diversification. Finally, we use an indicator variable to separate exporting establishments from establishments that sell only domestically. This variable helps capture the role of previous export participation.
Econometric Strategy
The primary goal of our empirical analysis is to evaluate, first, the net effect of foreign ownership on establishment performance during the crisis and, second, conditional on foreign ownership how production and financial linkages led to the differential responses of MNC subsidiaries.
An empirical issue that can arise when evaluating the net effect of foreign ownership is the potential endogeneity of foreign ownership status. For example, one can argue that foreign MNCs may have performed better during the crisis because they acquired more productive local establishments or due to unobserved characteristics. If this were the case, the estimated effect of foreign ownership could suffer from selection bias. 14 To mitigate the potential endogeneity of foreign ownership status, we employ a matching technique that creates the missing counterfactual of each foreign owned subsidiary's performance had the establishment not been owned by foreign MNCs. This is done by matching each foreign owned subsidiary with a local establishment based on economic characteristics, such as lagged sales, labor productivity, age and previous exporter status. Each matched pair thus shared similar economic attributes prior to the evaluation period, except the status of foreign ownership. We then evaluate the effect of foreign ownership by comparing the performance of matched establishments.
Formally, the effect of foreign ownership in a given period can be expressed as follows:
where β denotes the estimated effect of foreign ownership, Y represents the outcome of interest, i.e., annual percentage change of sales, the subscript of Y describes the (potentially hypothetical) circumstances under which the outcome is evaluated with 1 denoting the case with foreign ownership and 0 denoting the case without foreign ownership, and f oreign ownership = 1 refers to the group of establishments owned by foreign MNCs (i.e., the treatment group). The above equation represents the difference in performance between a foreign owned subsidiary (the first right-hand-side term) and the same establishment had it not been foreign owned (the second term). The latter, however, is an unobserved counterfactual.
The matching method is a strategy of constructing the unobserved counterfactual by identifying a match with similar economic characteristics for each foreign owned subsidiary. The underlying assumption is that the matched pairs, conditioning on the observed characteristics X, would perform similarly under the same circumstances. Hence, the above equation can be 14 The estimated effect of production and financial linkages conditional on foreign ownership is less likely to be subject to the above concern because the identification there is primarily drawn from variations across foreign owned subsidiaries and how they relate to cross-industry variations in the degree of production and financial linkages. As described in Sections 3.2-3.3, both linkage measures reflect characteristics intrinsic to each industry and are thus unlikely to depend on unobserved establishment or country factors. As a robustness check, we also did not find a systematic relationship between pre-crisis establishment and parent characteristics, such as size, labor productivity and age, and the observed linkages.
rewritten as:
The first difference on the right hand side of the above equation represents the observed difference in performance between foreign owned and local establishments. The second difference represents the selection bias, that is, the difference in performance between foreign owned subsidiaries, under the hypothetical circumstances that they had not been foreign owned, and local establishments. Our goal is to minimize the selection bias through the matching process and estimate the effect of foreign ownership. Given the large dimension of observable characteristics, we employ propensity score matching. 15 We perform the procedure for non-crisis and crisis periods separately to examine whether the effect of foreign ownership varies during the crisis.
We proceed in two stages. In the first stage, we estimate a probit model of establishment foreign ownership status, with lagged observable establishment characteristics (including size, labor productivity, age, multi-product status, and exporter indicator) as explanatory variables. To increase the precision of the matching, the estimation (and the subsequent matching) is performed for each country and sector. Consistent with the literature, we find a significant and positive relationship between foreign ownership status and establishment size and labor productivity for most countries and sectors. 16 The predicted probability of being foreign owned (or the propensity score), denoted by P (X) = Pr(f oreign ownership = 1|X), forms the basis of the matching procedure.
In the second stage, we adopt one-to-one nearest neighbor matching and identify a local establishment l for each foreign owned subsidiary i such that
that is, the difference in the predicted probability of being foreign owned in minimized. We impose an additional requirement that the match must come from the same country and sector. 17 To assess how well the propensity score matching performs in our analysis, we undertake tests of the balancing property and make sure that there are no statistically significant 15 This technique is proposed in the seminal work of Rosenbaum and Rubin (1983) and has become increasingly popular in recent empirical research along with other matching estimators developed to estimate average treatment effects. 16 Given the first-stage estimation is performed for each country and sector, the estimation results are suppressed in the paper because of space consideration and available upon request. 17 In the matching procedure, we exclude observations outside the common support. The common support is bound by the lowest propensity score of a treatment observation and the highest propensity score of a control observation.
differences between the treated and the control groups in terms of lagged economic characteristics (size, labor productivity, age, multi-product status, and exporter indicator). Moreover, our matched pairs of establishments are, on average, 0.02 percentage point apart in terms of the propensity score. These observations give us confidence that our matching procedure has grouped together relatively homogeneous establishments.
The average treatment effect of foreign ownership can then be inferred from the average performance difference of matched pairs, that is,
To examine how production and financial linkages led to the differential performance of foreign owned subsidiaries, we employ the following baseline empirical specification:
where Y i − Y l(i) denotes the performance difference between foreign owned subsidiary i and its local match l, P rod Linkages i and F inancial Linkages i represent, respectively, the extent of sectoral production and financial linkages between subsidiary i and its parent firms, γ 1 and γ 2 represent, respectively, the effect of production and financial linkages on foreign owned subsidiaries' performance relative to local matches', and ε i denotes the residuals. Given that the dependent variable is constructed from the matching analysis, the standard errors are bootstrapped with industry clustering. 18 
Main Empirical Evidence
In this section, we first present the estimated average effect of foreign ownership in crisis and non-crisis periods, and then examine the role of production and financial linkages in explaining the effect of foreign ownership. [ Table 1 about here]
The Average Effect of Foreign Ownership
These results suggest that foreign ownership exerted a positive effect on establishments'
resilience to the Global Financial Crisis, but a very limited effect on establishment performance in non-crisis years. In the following sub-sections, we investigate the different mechanisms that can lead to performance difference between foreign owned and domestic establishments, especially during economic crises.
The Role of Production Linkages
First, we evaluate the role of production linkages. Table 2 between horizontal subsidiaries and local counterfactuals is not significantly different between crisis and non-crisis periods. Finally, subsidiaries with neither type of production linkages did not perform differently than local matches in both crisis and non-crisis periods.
[ Table 2 about here]
In Table 3 , we systematically assess the role of vertical production linkages by regressing MNC subsidiaries' performance difference from local matches, i.e., Y i − Y l(i) , on the strength of their input-output relationship with parent firms, i.e., P rod Linkages i , measured by the input-cost share of the subsidiary's primary product category in the parent firm's final-good production. The results suggest that subsidiaries sharing a stronger vertical production linkage with their parents tended to exhibit a greater advantage over local counterfactuals during the crisis. According to column (3), a one-percentage-point increase in the input-output linkage is associated with 1.06 percentage points higher growth rates. This effect is found only during the crisis period, however. In contrast to the crisis period, we do not observe a significant relationship between the strength of input-output linkages and MNC subsidiaries' performance in non-crisis years. The above result suggests that vertical production linkages lead to greater resilience to negative economic shocks, but not necessarily superior performance in the absence of negative shocks. In columns (2) and (4), we control for the effect of country characteristics on the relative performance of MNC subsidiaries by limiting the analysis to within-country variations. 19 The findings are largely similar.
[ Table 3 about here]
The vertical production linkage between foreign owned subsidiaries and parent firms also determines that the former should exhibit a greater advantage over local competitors when host countries experience a greater incidence of the crisis, in particular, a larger negative demand shock. MNC subsidiaries sharing an input-output relationship with their parent firms tend to engage in more intra-firm trade, thereby less dependent on host-country domestic demand conditions. When the demand in host countries contracts, the intra-firm demand will help absorb part of the shock, leaving the subsidiaries less affected by the crisis. This advantage of vertical MNC subsidiaries is particularly important when the demand shocks in the host countries are relatively large.
The above mechanism conversely implies that the advantage of vertically linked MNC subsidiaries should be negatively associated with the incidence of the crisis in MNCs' home countries. A better demand condition at home will enhance the advantage of vertical subsidiaries abroad, while a worse incidence of the crisis in home markets adversely affects those MNC subsidiaries' performance overseas.
We examine the above hypotheses in Table 4 . The incidence of the crisis, in particular, the degree of the demand shock is proxied here by the average percentage decrease of sales in each host country and industry. The measure was constructed using either all establishments in the entire WorldBase dataset or the subset that excludes MNC subsidiaries and their local matches. The results were similar. 20 The estimates obtained with the latter measure are reported in Table 4 .
[ Table 4 about here]
We find that, first, the effect of vertical production linkages on MNC subsidiaries' relative performance increases in the incidence of the crisis in host countries. Vertical MNC 19 The use of country dummies controls for average performance difference (in each country) between MNC subsidiaries and local controls in the absence of linkages. The estimated parameters of country dummies as well as the intercepts are suppressed in the tables due to space consideration. Moreover, note that country-industry specific factors that uniformly affect the performance of foreign owned and domestic establishments have been controlled for in the matching analysis by the pairing of foreign owned subsidiaries and local establishments from the same country and industry. 20 We also used countries' GDP growth rates and import growth rates as alternative proxies and found similar results.
subsidiaries exhibited a greater advantage over local counterfactuals in countries with larger negative demand shocks. In contrast, the effect of vertical production linkages is not significantly associated with the incidence of the crisis in MNCs' home countries.
The Role of Financial Linkages
Now we consider the role of financial linkages in explaining MNC subsidiaries' different performance relative to local competitors. Unlike local establishments, MNC subsidiaries have an additional source of capital supply, i.e., internal capital flow from parent firms. This internal capital support from home enables MNC subsidiaries to achieve greater resilience to host-country financial shocks than local establishments. Table 5 reports the estimated effect of parent-subsidiary financial linkages, i.e., F inancial
We find that in industries with stronger financial linkages between parents and subsidiaries, MNC subsidiaries fared better than their local matches during the crisis. A one-percentagepoint increase in the ratio of investments in subsidiaries is associated with 4.6 percentage points higher growth rates. This result does not change when we control for the effect of vertical production linkages and estimate the full equation (5) . Like production linkages, the effect of financial linkages is observed only during the crisis period. The degree of financial linkages does not appear to affect establishment performance during non-crisis years. This sharp contrast of results suggests that the linkages between foreign subsidiaries and parent firms play an important role in helping MNC subsidiaries better respond to negative economic shocks, but not necessarily in achieving superior growth in the absence of economic shocks.
[ Table 5 about here] Another way to investigate the role of financial linkage is to examine whether the effect of foreign ownership increases in the level of financial dependence. In Table 6 The relationship between financial dependence and effect of foreign ownership is significantly weaker in the non-crisis period. A one-percentage-point increase in the level of financial dependence is associated with 0.02 percentage point higher growth rates. Again, vertical production linkages did not play a significant role in non-crisis years.
[ Table 6 about here]
The role of financial linkages in establishment responses to the crisis is also expected to increase in the incidence of the crisis in host countries' financial markets. The internal capital supply from parent firms overseas should be particularly valuable when the host-country credit conditions worsen. MNC subsidiaries in industries with stronger intra-firm financial linkages are thus expected to exhibit a greater advantage over local competitors when host countries experience greater negative financial shocks.
Conversely, the role of intra-firm financial linkages in helping MNC subsidiaries attain greater resilience should depend on the incidence of the crisis in MNCs' home-country financial markets. A worse credit condition at home will weaken the capital supply from parent firms, adversely affecting MNCs' performance overseas. According to this rating, countries such as New Zealand, Ireland, Greece and Singapore were among the group with the largest decline in credit conditions while countries such as Brazil, Peru and Ecuador showed a lesser incidence of the financial crisis.
[ Table 7 about here] Table 7 reports the results. We find that the effect of financial linkages on establishment resilience to the crisis increases in host countries' incidence of financial crisis. MNC subsidiaries exhibited a greater advantage over local competitors in host countries that experienced a larger decline in credit ratings. In contrast, the positive effect of financial linkages is smaller when MNC home countries experienced large negative financial shocks. MNC subsidiaries performed less satisfactorily when their home countries' credit conditions worsened.
6 Additional Analysis
Foreign v.s. Domestic Linkages
So far our analysis has emphasized on the effect of cross-country production and financial linkages between foreign owned subsidiaries and their foreign parents. But would the same effect exist for the production and financial linkages between domestically owned subsidiaries and their domestic parents? Similar to foreign parent firms, domestic parents can engage in intra-firm trade with subsidiaries and provide the latter internal capital supply. These linkages can help subsidiaries sustain resilience to local demand and financial shocks. However, when the shocks occur at the country level, the effect of these linkages will be much weaker than the linkages of foreign owned subsidiaries because the former are located within the same country and exposed to the same shocks. The linkages between subsidiaries and foreign parents, in contrast, can provide more stability in this case, because the parent firms are not directly affected by the host-country crisis.
To compare the effect of foreign and domestic linkages, we expand our final sample to include establishments owned by domestic parents. Similar to Section 4, we perform a matching analysis to match each domestically owned subsidiary with a local stand-alone establishment from the same country and industry based on economic characteristics. The matched pairs share similar attributes such as lagged size, lagged labor productivity, age, and previous exporter status, except the status of domestic parent ownership. We then compare the performance of the matched pairs to establish the effect of having domestic parents. As in the analysis of foreign owned subsidiaries, we identify the extent of production and financial linkages between the establishments and their domestic parents and investigate how they affect subsidiaries' performance during the crisis. Table 8 reports the results. First, we find in column (1) that compared to domestically owned subsidiaries, foreign owned subsidiaries exhibited a greater advantage over local counterfactuals. The performance gap between the latter two groups is 18 percentage points higher than the gap between domestically owned subsidiaries and their local stand-alone matches. In column (2), we allow the effect of production and financial linkages to vary between domestic and parent firms. The results show that while financial linkages with domestic parents also played a stabilizing role during the crisis, the effect of foreign financial linkages was significantly greater. Furthermore, only foreign production linkages are found to exert a significant and positive effect on establishments' resilience to the crisis; domestic production linkages did not significantly affect establishment performance.
[ Table 8 about here]
Network Effect
In addition to production and financial linkages with foreign parent firms, MNC subsidiaries exhibit another distinct feature compared to domestic establishments. That is, most multinationals today operate a multilateral network. Having a larger multilateral network enables multinationals to diversify both product and financial markets. In this subsection, we take into account this aspect of multinational firms and examine how a larger multinational network can potentially amplify the effect of production and financial linkages.
To do so, we first construct two variables to represent the number of countries in the MNC networks. First, we control for the total number of countries outside the subsidiary in which MNCs operate. Operation in a larger number of countries implies greater product market diversification and potentially greater intra-firm demand, lending subsidiaries stronger resilience to negative host-country demand shocks. Furthermore, a larger network outside the subsidiary country means that multinationals can offer subsidiaries internal capital flows from more sources, mitigating subsidiaries' vulnerabilities to host-country financial shocks.
However, within the aggregate network, the subset that performs identical production activities as the subsidiary of interest should be considered separately. A larger network of duplicate production means that multinationals can more easily substitute production across countries. In a time of negative demand and financial shocks, multinationals are more likely to react to the shocks by shifting production to the rest of the network, resulting in greater volatility. Our second variable hence measures the number of countries in which MNCs duplicate the subsidiary's production, also referred to as the subsidiary's horizontal network.
Alternative to the simple country counts, we can also take into account the relative size of the MNC network outside the subsidiary. We compute the share of multinationals' revenue received from third and parent countries relative to the share of revenue from the subsidiary of interest, in either all product categories or just the product category of the subsidiary. A larger share of total revenue from third and parent countries offers subsidiaries stronger intrafirm demand and capital supply, enhancing subsidiaries' resilience to host-country demand and financial shocks. But a relatively larger horizontal network that may substitute the subsidiary's production can lead to footloose behavior and more volatile performance. Table 9 reports the results. We find that a greater aggregate network outside the subsidiary is associated with better subsidiary performance compared to local matches. This result lends support to the positive role of overall market diversification in times of economic volatility.
In contrast, the size of the subsidiary's horizontal network did not play a significant role, suggesting that the opposing effects of this type of network lead to an ambiguous net effect.
Comparing the crisis with non-crisis years, we again find that, similar to production and financial linkages, the stabilizing role of networks is pronounced only during the crisis.
[ Table 9 about here]
Unobserved MNC heterogeneity
The matching technique adopted in the paper helps us identify the effect of foreign ownership by limiting the comparison to establishments with similar economic characteristics. There could, however, remain unobserved heterogeneity across MNCs that is correlated with the degree of production and financial linkages.
We take two steps to address this issue. First, we control for potential correlations of residuals between establishments owned by the same parent firm, as well as between establishments in the same industry. Cameron, Gelbach and Miller's (2006) multi-way clustering method is employed for this purpose. As shown in Table 10 , the standard errors remain similar. Both production and financial linkage measures continue to play a significant role in explaining the performance difference between MNC subsidiaries and their local matches.
[ Table 10 about here] Second, we control for all firm-level characteristics by including a parent firm fixed effect and limiting the comparison to establishments owned by the same parent firm. Multinationals with only one foreign subsidiary are hence dropped from the sample. In doing so, we establish the role of production linkages by comparing the performance of subsidiaries that belong to the same multinational but with different degrees of input-output linkages. The effect of financial linkages cannot be estimated in this specification because our measure of financial linkages does not vary within each parent firm.
[ Table 11 about here] Table 11 reports the results. We continue to find vertical production linkages to exert a significant effect on MNC subsidiaries' performance during the crisis. A one-percentage-point increase in the input-output relationship is associated with 1.28 percentage points higher growth rates, exceeding the estimated effect in Table 3 . Again, the production linkages do not appear to systematically affect establishment performance in non-crisis years.
Conclusion
We investigate in this paper the role of foreign ownership in establishment performance during the recent Global Financial Crisis. Using a worldwide establishment panel dataset, we examine whether foreign ownership led to different resilience to the crisis between establishments with similar economic attributes and how the role varies from non-crisis periods. Moreover, we examine how, conditional on foreign ownership, production and financial linkages explain the differential responses of MNC subsidiaries.
We find that MNC subsidiaries responded on average better to the recent crisis than local controls with similar economic characteristics. The advantage of foreign ownership was clearly pronounced during the crisis, while relatively muted in non-crisis years. Production and financial linkages played critical roles in explaining the differential responses of MNC subsidiaries. Establishments sharing stronger vertical production linkages with foreign parent firms exhibited more resilient performance during the crisis, especially in host countries with a greater incidence of the crisis. Horizontally linked establishments, in contrast, performed no better than the control establishments. The same pattern is not observed in non-crisis years.
Vertical MNC subsidiaries did not perform differently than their local matches in the non- show that the performance of MNC subsidiaries is conditional on the incidence of the financial crisis in parent countries. Further research on how multinationals' intra-firm production and financial linkages could transmit shocks from parent to host countries and vice versa and between different host nations could offer useful academic and policy insights. Notes: This table examines the differential effect of foreign and domestic linkages on subsidiaries' performance difference from their local matches. Both foreign and domestically owned subsidiaries are included in the sample. Performance is measured by the annual percentage change in sales. Propensity score matching is employed to identify the matches of foreign and domestically owned subsidiaries. Standard errors are bootstrapped with industry clustering and reported in the parentheses. *** p<0.01, ** p<0.05, * p<0.1. 
